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Description 



[0001] The Invention was made with government support under i 
Inst'ftutas of Heahh. The govsminent has certain rights in this invention. 



Grant #P01 HL51 81 &-01 , awarded by tho National 



1, INTRODUCTION 



[0002] The present Invention relates to methods and compositions for 
of rBcombinant AAV (fAAV) through regulation of expression of the AAV " 
of the Invention are based on the observation ^at low level expression 
of rAAV DIMA replicatiDn and the production of AAV viral capsid protein resill 
viral stoclcs. The invention encompasaes methods and 
transcriptional or translational level. Additionally, the inventton provides 
and/or etablllty of the REP proteins at the post-transtational level. The 
be used to produce high trire stocks of rAAV which can be used In gene 
intormation Into appropriate host cells for the management and conrection 
aquired disorders. 

2. BACKGROUND OF THE INVENTION 
2.1. GENE THERAPY 

[0003] G«ie therapy is generally understood to refer to techniques designed to deliver runcdonally active therapeutic 
genes into targeted celts. Such therapeutic genes may encode protefrs that complement genetic deficiencies, cy- 
tokines, cell surface membrane proteins or any protein that f uncdons to regulate cell growth and/or differentiation. Such 
proteins may function Intraceilularly, for example, by regulating a signalling pathway or transcriptional pathway. Alter- 
natively, the proteins may be secreted by the cell and exert their effect exlraceOulariy. 
[0004] Initial efforts toward somatic gene therapy have relied on Indirect means of introducing genes into tissues, e. 
2^ target cells are removed from the body, transfected or Infected with vectors carrying recombinant genes, and raim- 
planted Into the body. These types of techniques are generally referred to as in yitro treatment protocols. 
(0(505] In addition, recombinant replication-defective viral vociors have been used to Infect cells both in vJtno and In 
vh/o. Perhaps the mc»t widely studied viral vectors for use in gene therapy have been the retroviral vectors. The major 
disadvantages associated with the use of retroviral vectOffi Include the inability of many viraJ vectors to infect non- 
dividing ceils, problems associated with Insenional mutagenesis and potential helper virus production. Recently, at- 
tention has turned to the use of other types of recombinant viral vectors such as adenovirus and adeno-assoclaled 
virus based vectors, that may be used to delWer genes of interest to cells. 

[Dooq In particular, recombinant adeno-associated virus has many features of interest in the field of gane therapy. 
The vectors are based on a defective, nonpathogenic human parwvlnjs 
cells without a marked lro|?lsm. In addition, ttie viral genome can stably 
long temi gene transfer. 



in creasing. the production of high tltre stocks 
proteins. TTie methods and compositions 
of the AAV REP protein increases the efficiency 
ilting In produc^on of higher tltre recombinant 
composib'ons for controlling the level of REP expression at the 
methods fbr regulating the biological activity 
and compositions of the Invention can 
therapy for the purpose of transferring genetic 
of human diseases including Inherited and 



that can infect both dividing and non<dividing 
integrate within the host genome, facilitating 



2.2. AAV VIRAL VECTORS 



[0007] The AAV genome Is composed of a linear single stranded DNA molecule of 4680 nucleotides whiirfi contains 
m ajor open reading frwnes coding for the Rep (repllcaton) and Cap (capsid) proteins. Ranking the AAV coding regions 
are two 1 45 nucleotide inverted terminal (ITR) repeat sequences that cor tain paimdromic sequences that can foW over 
to fomi hairpin Structures that function as primers during initiation of DNA replication, in addition, the iTR sequences 
are needed for viral integration, rescue from the host genome and encapsldatlon of viral nucleic acid Into mature virions 
(Mu^czka, N., 1992, Current Topk^ in Microbiology & immunok)gy, 158. 97-129). 
[0008] AAV can assume two pathways upon Infection Into the host cell depending on whether helper virus is present 
in the presence of helper vinis» AAV will enter the lytic cycle whereby the viral genome is transcribed, replicated, and 
encapsulated Into newly fomied viral particles. In the absence of helper virus funcUon, the AAV genome wlU integrate 
as a provinjs into a specific region of the host ceD genome through reoomblnatkin between the AAV termini and host 
cell sequences (Cheung. A. at al., 1980, J. Virol. 33:739-748; Bems,K.I. ' " 

B.WJ., et ai. (Cambridge Univ. Press, Cambridge), pp, 249-265). | 

[0009] The use of AAV as a vehicle for the transfer of genetic Information has been facilitated by the discovery that 
when aplasmid containing an intact AAV genome is transfected Intoa host cell the recombinant AAV vector will integrate 
Into the host cell ganome and remain as a province until the host ceil subsequently becomes infected with a helper 
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virus. Upon Infection of ttie host cell with herper virus, the AAV Is rescued out from the plasmid vector and enters the 

lytic cycle leading to production of mature virions. 

[0010] ITie production Of rAAV particles, uilll2fls a vector containing a 1 

repeats (ItR). which are the sola AAV cis sequences required for DMA replication, packaging and intagration. lb pro- 
s duoe rAAV panicles, the AAV (Rep) and capsid (Cap) gene products are normally provided in trans from a different 

template, usually a helper plasmid. 

[0011] The three viral coat proteins. VPi , VP2. and VPS which are recjulred for virion expresston are derived from 

mRNA initiated at the p40 promoter, while the four overlapping non-struct iral Rep proteins are essential for AAV DNA 

replication. Rep7a ar>d 68 are expressed from unspltced and spliced transcripts initiating at the pa promoter, while 
fo Rqp$2 and HepAO are similarly produced from transcripts initiating at the p1 9 promoter. Although RepS2/40 have been 

implicated in AAV single stranded DNA formation (Chejanovsky etal.. 1 988, Virology 173:120-126) and gene regulation. 

Rep appear to display all enzyme functions essential for AAV DNA repHcatior*, (ITR binding. DNA helicase, and DNA 

site-specific nicking activity). (Muzyczka, N., iggi» Seminars In Viit»)ogM 2:2d1-2d0). In addition to these functions, 

Rep both positively and negatively regulate AAV promoters (L^ow et ai., ipae, Journal of Virology 60:21 6-S58; Pereira 
IS at al., 1 997, J. Virol. In Press; TVatsch'm et al^ 1 986. Moi. Cell BioL 6:2884-2994) and repress numerous heterologous 

promoters (Antoni et al., 1 991 , Journal of Virology 65:396-404; He! Ibronn et al, 1 990. Journal of Virology 64:301 2-301 8; 

Hennonat P-L, 1994, Cancer Letters 81:129-36; Horer. et al., 1995, Joumal of Virology 69:5485-5496; Labow et al., 

1 987, Molecular & CeDular Biology 7:l32i>l325). 

[0012] Rep g«ie expression appears to be critcal for all steps of the ^V life cycle. Including a latent state which 

so occurs in the absence of a helper virus (Bems. K.I., 1 990. Virology, 2ed. vol. 2; Barns, K.I., 1 996, B.N. Fields et al. ed.; 
Samulski et al., 1989, Joumal of Virology 63:3822-3828). Recently, Re|) have also been associated with AAV site- 
specific integration (GIraud et ai., 1994, ProcQQdings of the National Aqademy of Sdencos of the United States of 
America; Kottn et aL, 1990, Proceedings of ttie National Academy of Sciences of the United States of America 87: 
221-2215; Samulsl^i et al., 1991, EMBO Joumgl 10i3941-3950; Waitzmann et al., 1994. Proceedings of Ihe National 

Bs Academy of Sciences of the United States of America 91 ;5808-581 2). Repression of viral gene expression by rep and 
host YY1 protein appears to be required for establishment and maintenance of the latent stata (LatKiw et al., 19a6« 
Joumal of Virology 60:251-258; Laughlin etal.. 1982, Joumal of Vlroiogv 41:888-876; Periera et al., 1997. J. Virol In 
Press: Shf et el., 1891, Can 67:377-388). Such repression may be nec^ssaor to avoid the demonstrated cytostatic 
effect on the host cell by Rep gene products (Yang et al., 1994. Joumal of Virology 68:4847-4866). During a lytic 

so infectbn, the AAV promoters, particularly p5. are transactlvated by the adenovirus El A pruteihs and YY1 (Lewis, et 
al„ 1995. J- Virol. 69:1628-1636; Shi et aL. 1991 . Cell. 67:377-388). The |p5 products then positively regulate the pi 9 
and p40 promoters, resulting in abundant production of Rep 52/40 and j^lral capsid proteins (Psraira et al.» 1997, J. 
Virol. In Press), Early effort to by-pass AAV rep gene regulation by substituting the p5 promoter with the SV40 early 
promoter failed (Labow et ah, 1988, Joumal of Virology 62: 1706-1 71 2). | instead of constitutive Rep expression, the 

35 heterologous promoter unexpectedJy behavod In the same manner as the endogenous p5 promoter; repressed In the 
absence and activated in the presence of Ad (Latjow et al., 1988, Jouipal of Virology 62:1750-1712). While these 
studies were the first to suggest rep repression as a mechanism for regulating heterologous promoters, these findings 
also implied that AAV p5 products may be a rate-limiting factor In AAVj production (Labow et al,. 196S, Journal of 
Virology 62:1705-1712). Further efforts In this area have suggested that overexpresslon of Rep may increase rAAV 

^ vector yields (Rone et al. 1 995, Gene Therapy 2:29:37). I 

[001 31 An essential feature for use of rAAV as an efflcleni delivery systarp is the ability to produce recombinant stocks 
of virus. Although rAAV titrea can approach wild type (wt) levels after muttjple rounds of purification and concentration, 
the overall total yield Is still substantially lower than that of wild type AAV. Therefore, methods that increase the ability 
to produce high titre rAAV viral stocks wilt facilitate the use of rAAV delivery systems in gene therapy. 

4S 

8. SUMWKHY OF THE INVENTION 

[0014] The present inventkjn provides methods and compositions for increasing the production of high titre stocks 
of recombinant AAV. The invention Is based on the discovery that decreased expression of AAV REP proteins results 

so in increased synthesis of viral capsid proteins and replication of viral Dn!a resulting in production of high titre recom- 
binant viral stocks. Such recombinant AAV stocks may be used in gene ttierapy for the purpose of transferring genetk: 
information into approprlata host cells for the management and correction of human disease including Inherited and 
acquired disorders such as cancer and AIDS. 
[001 q The invention encompasses methods for increasing the production of high tItre stocks of recombinant AAV 

a? by ragulating the expression levels and^or activity of the AAV REP proteins In a host ceP. Tha invention further encom- 
passes compositions such as recombinant helper plasmids that are genetically engineered to express low levels of 
btologlcally functk)nai viral HEP proteins. In such helper plasmids the eilpression of REP proteins may be regulated 
at the transcriptional, translational and/or post-translational level 
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[0016] The expression of REP proteins may be regulated at ihe transcriptional level thnough the use of tightly con- 
trolled promoter systems that result in either low level, or Induclblej expression of the REP gene. Such promoters can 
be genetically engineered into recombinant helper plasmids that are designed to express low levels of REP protein. 
Further, triple helix molecules can be utilized to reduce the level of REP gene expression. Such triple helbc molecules 
can be designed to hybridize to the promoter region of the REP gene anti thereby inhibit HEP gene transcription. 
[0017] Further, the invention encompasses the coding region of the REP genes which ere genetlcetly engHneered to 
replace the inrtialDr MET codon with a less efficiently translated Inltiatorj codon. The genes encoding the viral REP 
proteins of the present invention can also be genetically engineered to Contain specific 5 ' nucleotide sequences to 
which translation repressor proteins bind. The binding of such repressor proteins to the 5' end of the HEP mHNA 
molecules will result In inhibition of REP mRNA translation. Using such a system the level of REP protein can Oe 
controlled by regulating the level and/or activity of the translational repressor protein in the host cell. 
[0018] Aitamatively, the level of REP expression may also be contrtlfed altering the stability of REP mRNA. For 
example, the half life of the REP mRNAs may be significantly decreased by geneticany engineering nucleotide se- 
quences rich in A and U nucleotides In the 3 ' untranslated region (UTR). Additionally, REP mRNAs containing recog- 
nition eites In their 3' UTR for specffic endonucleases may be generated using recombinant DNA techniques. 
[0019] The level of REP protein may be controlled by taking advanage Of a tranaiational procesa referred to as 
translational receding. In such a process, a specific recording signal in the rf>RNA molecule causes the growing polypep- 
tide chain occasslonally to sGp backward by one rHJdeotide on the nlxjsome as translation proceedSt causing the 
mRNA to be read in the inconrect reading frame. j 

[0020] The level of REP pmtsin expressed in a host cell may further be reduced through the use of antlsense and 
ribozyme molecules. Antlsense approaches involve the design of oligonucleotides that bind to the complementary REP 
RNA and suppress translation of REP RNA. Ribozymes molecules may b^ designed that include one or more sequenc- 
es complementary to REP RNA and which function to specificaily and efficiently catalyses endonucleolytic cleavage 
of REP RNA sequences, 

[0021] Rnally, mutant fomts of tfie REP proteins may be generated that have decreased activity and/or decreased 
protein stability. The activity of the REP proteins may be regulated through the use of temperature sensitive REP 
mutants. Alternatively, REP proteins which are less stable. La, REP proteins that possess a shorter half-life or REP 
proteins that are more susceptible to proteolytic cleavage, may be utilized as a means for decreasing the activity of 
the REP proteins. 

I0D22] The invention is demonstrated by way of examples. In which the bverexpreesion of the REP gene was shown 
to inhibit rAAV DNA repiicatton and CAP gene expression. In contrast, reduced production of AAV REP protein expres- 
sion was sufficient for production of higher titres of recombinant virus. 

4. BRIEF PESCHIPTION OF THE DRAWINCS 



[0023] 



Rgure 1 . Construction of AAV helper plasmids. Plasm kis AAV/AD andlACG- 
(depicted in open boxes), while plasmids CMV/AAV, (HIV/AAV and 
(depicted in hatched boxes) replacing the original p5 promoter. All 
sequences, i.e. the Rep and Cap genes diagrammed In shaded 
to ACG mutation at the translation initiation codon of Rep. 



I boxes. 



2 contain the endogenous p5 promoter 
Sv/AAV contain the heterologous promoters 
constructs contain the same AAV coding 
except that construct ACG-2 has an ATC 



the 



Figure 2. Western analysis of Rep gene expression from various AAV 
wiin piasmkj AAV/AD (lanes 1 & 6), ACG-2 (lanes 2 & 7), C^V/AAV 
AAV (lanes 5 & 10) in the absence of Ad infectkin (lanes 1 through 
through 10). Samples Of cell lysates were separated by 1 0% PAGE, 
monoclonal antibody, which recognizes ail four Rep proteins (Hunter 



Rgure 3. Southarn analysis of rAAV DNA repDcatton. AAV 
ceils vnth helper plasmids CVf^AAV (lanes 1 through 4) or HIV/AAV 
ovirus infection (lanes 1 & 2, 5 & 6) or In the presence of adenovirus 
weight DNA were recovered from the cells and separated on 1% 
1, 3, 5 & 7] or with Dpnl digestion (lanes 2, 4, 6 & B). Southern 
(a 2.1 kb Clal/Ndel fragment). 



I blot was 



Rgure 4. Comparison of rAAV DNA replication in cells transfected 
mid pdx3l-LacZ were cotransfected Into 293 cells with helper plasm 



helper plasmids. 293 cells were transfected 
(lanes 3 & 8), HIV/AAV (lanes 4 & 9) and $V/ 
or in the presence off Ad infection (lanes 6 
estem blot was performed with an anti-Rep 

et al., 1 992. J. Virology 66:31 7-324). 



vedof plasmid pdx31-LacZ were cotransfected Into 293 
(lanes 5 though 8) In the absence of aden- 
Infectlon (lanes 3 & 4, 7 & &)- Low molecular 
agarose gel without prior Dpnl digestion (lanes 
performed-with a ^ labeled LacZ probe 



with different helper plasmids. AAV vector plas- 
ds CMV/AAV (lanes 1 & 2), HIV/AAV (lanes 



5 
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3 & 4), SV/AAV (lanes 6 & 6), AAV/AD (lanes 7 & 8) and ACG-2 
Low molecular weight DMA was recovared from the cells post transfe 
hours Oanes 2, 4, 6, B and 1 0). Southern blot was performed with a 2 
I fragment). 



9 & 01) in the presancQ of Ad infection, 
;tion 24 hours (lanes 1 , 3. 5, 7 and 9) or 48 
32p, labeled LacZ probe (a 2.1 kb C\a l/Nde 



Rgure 5. Western analysis of Cap gene expression Itom (Afferent j^V helper plasmids. AAV vector plasmid 
pdx31-LaeZ were cotransfected into 293 cells with helper plasmids CjMV/AAV (lanes 1 & 6). HIV/AAV (lanes 2 & 
7), SV/AAV (lanee 3 & 8), AAV/AD (lanes 4 & 9) and ACG-2 (lanes 5 & 1 0) in the presence of Ad Infection (lanes 
. 1 through 5) or in the absence of Ad infection (lanes 6 through 10). jsamples of cell lysates were separated by 
10% PAGE. Western blot was perfdnned with an anti-Cap polyclonal antibody which recognizes all three Cap 
proteins. 

5. DETAILED DESCRIPTION OF THE INVENTION 
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[0024] The present invention relates to methods for Increasing the production of high titre stocks of recombinant AAV 
(rAAV) ti^ rough regulation of expression of ttie AAV REP protaina. To ganerlate reeoffiblnant viral stocks^ a recombinant 
vector containing a gene of Interest and the cls-required AAV tenninal repeat sequences is transfected into a host oell 
that Is capable of providing helper virus function, and supplying In trans aKv REP and CAP proteins. The methods of 
the Invention are based on the observation that kiw lavsl in trans expression of the AAV REP proteins Increases the 
efftelency of rAAV DNA replication and the production of AAV viral capsid protein resulting in production of higher tltre 
recombinant viral stocks. | 

[0025] In particular, the invention described in the sutisections tseiow erK:ompassa5 methods for regulating the level 
of REP protein expression. TTie expression of the REP proteins may be regulated at either the transcriptional or trans- 
latlonal level. The inventk)n relates to recomt»nant helper plasmids that are genetically engineered to express k>w 
levels of AAV viral REP protein. The expresston of REP protein may ije r€ gulated at iha level of transcription through 
the use of tightly controlled promoter systems. Alternatively, triple helix molecules may be utilized to interfere with the 
transcription- of the REP genes, 

[0026] TTie invention also encompasses the r^ulation of REP protein cxpres^n at the translational level through 
the use of antisense and ribozyme molecules. Further, the coding region Of th© REP genes may be genetically engi- 
neered to replace the iniliaior METcodon with a less efficiently translated initiator oodon. In yet another embodiment 
of the invention, the level of REP protein may be regulated through genetic eingineering of specific nucleotide sequences 
Into die REP genes that funolicn to decrease REP mRNA stability. Altemsbvely. nucleotide bind sites for translational 
repressor proteins may be genetically engineered into the REP gene seqdences. 

[0027] The present invention is based on the observation that when a series of AAV helper plasmids containing 
various strong heterologous promoters substituted for the AAV p5 promcjter were transfected into human 293 cells, 
less efficient rAAV DNA replication and tower capsid protein synthesis was observed. In contrast, a novel construct 
which reduced REP expression, resulted in a B fold increase in rAAV yield. These observations indicate that unregulated 
overexpressicn of REP proteins adversely affects rAAV productnn and suggest a role for highly regulated REP gene 
expression in optimal rAAV production. 



5.1 . RECOiy/lBINANT EXPRESSION OF AAV REP PROTEIN 



1 



[0026] The present invention encompasses recombinant helper plasmids that are genetically engineered to provkje 
in trans low level expression of viral REP protein. In accordance with fhs invention the open reading frame which 
encodes the AAV REP proteins may be engineered Into expression vector^ for highly regulated expression of the REP 
proteins. In order to express REP proteins, the nucleotide sequence coding for the REP proteins, or afunctional equhr- 
atent, fa inserted into an appropriate expression vector, Le^, a vector whkih contains the necessary elemants for the 
highly regulated transcription and translation of the inserted REP coding sequences. 

[0029] Methods which are well known to those skilled in the art can be useb to construct expression vectors containing 
ihe REP protein coding sequences operath/ely associated wfth appropriate transcripUonal/translational control signals 
for highly regulated expression of HEP. These methods Include in vitro recombinant DNA technk^ues, synthetic tech- 
niques, and in vivo recombination/genetic rocomblnatton. See, for example, the techniques and vectors described In 
Maniatls. et al.. 1B3©. Molecular Cloning, A Laboratory Manual. Cold Spring Harbor l^oratory, N.Y, and Ausubel et 
aL, 1989, Current Protocolsin Molecular Blotogy. Greene Publishing Associates & Wiley Intarscience, N.Y 
[Q030] The sequences of the AAV REP genes are reported in Srfvastava, A., et al., 1 983, J. ViroL 45:555-564; Muz- 
yczka, N., 1992, Curr. Top. Micro Immunol. 158:97-129, and Ruffing, M., at al., 1992, J, Virol. 66:6922-6930, 1992. 
Sources for the AAV REP genes may hclude the mammalian virus serotyi les AAV-1 , AAV-2, AAV-S, AAV-4, and AAV- 
5, as well as bovine AAV end avian AAV. The ihvent'on contemplates, In addition to the REP DNA sequences disctosed 
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therein, (1) any DNA sequence that encodes the same amino acrd saquenca for REP shown in Srivastava, A., et al-, 
supra; Muzyczka, N., supra and Ruffing, M.p et a), supra ; (2) any DNA sequence tfiat hybridizes to ttie complement of 
ttie coding sequences disclosed therein under highly stringent conditions, ej.* washing In 0.1x530/0.1 % SDS at GS^C 
(Ausubel F.Mr et al., eds., 1 989, Current Protocols in Molecular Biology. VoL I. Green Publishing Assodates. Inc.. and 
S John Wiley & sons. Inc., New York, at p. 2.10.3) and encodes a functionally equivalent gene product; and/or 3) any 
DNA eequenoe that hybridizes to the complement of the coding eequenfcee dlsdoeod therein under leee stringent 
conditions, such as moderately stringent conditions, e.g., washing in 0.2xSSC/0. 1 % SDS at 42°c (Ausubal at al., 1 989. 
supra), yet which $011 encodee a functionally equivalent gene product. | 

[0031] Nucleic acids which ancoda derivatives (Including fragments) and analogs of native REP proteins can also 
10 be used in the present invention, as long as such derivatives and analogs retain the ability to provide the functions 
required for AAV DNA replication. In particular, REP derivatives can be made by altering REP sequences by substltu- 
lions, addldons. or deletions that provide for functionally active molecules that may have a altered phenotype. Further- 
more, due to the dagenaracy of nucleotide coding sequences, other DNAjsequences which encode substantially the 
same or a functionally equivalent AAV rep amino acid sequence may be^ used in the practice of the methocfs of the 
15 invention. The gene product may contain deletions, addit'ons or substitutions of amino acid residues within the se- 
quence Which result in silent changes thus producing a bioactive product Such amino acid substitutions may be made 
on the t>asls of similarly In polarity, charge, solubility, hydrophobicity, hydrophilicity and/or the ampipathic nature of the 
resicfues Involved^ For example, negatively charged amino acids include aspartic acid and 5 glutamic acid; positively 
charged amino adds Include lysine and arginine; amino acids with uncharged polar head groups or nonpotar head 
a> groups having similar hydrophilicity values induda the folIowir)g: leucine. Isoleucine. valine, glycine, alanine, asparag- 
ine, glutamine, serine, threonine, phenylalanine, tyrosine. 

[0032] In addition, nucleic aclcte which encode derivatives and analogs of native REP proteins with altered pheno- 
typos may also be used In the present Invention. In particular, alteration^ that decrease the biological activity of the 
AAV REP proteins and/or decrease the stability of the AAV REP proteins may be used. For example, nucleic acid 

2s molecules encoding temperature sensitive mutants of the REP protein may be genetically engineered Into recombinant 
helper plasmids. Alternatively, nucleic acid molecules encoding REP proteiins having a shorten half life, or REP proteins 
which are more susceptible to proteolytic cleavage may be engineered in^o recombinant helper plasmids. 
[0033] A variety of host-expression vector systems may be utilized to express the AAV REP proteins. Tha expression 
systems that may be used for purposes of the invention include but are not limited to mammalian ceil systems (e.g., 
. 99 COS, CHO, BHK. 293» 3T3) harboring recombinant expression constructs containing promoters derived from tha ge- 
nome of mammalian cells (e.g., metallotttionein promotai) or from mammallart viruses (e.g., the adenovirus late pro- 
moter;the vaccinia virus 7.$K promotei). Promoters to express the REP proteins within a cell line may be drawn from 
those that are highly regulated within tha host cell Inducible gene regulation may be achieved using simple Inducible 
promoter systems, including but not limited to, the metallothlonlne promoter (Ml) an d heat shock pro moter, or by using 

35 the mouse mammary tumor virus promoter (MMTV) which is rasponsivQ h giucicortlcold stimulation. Alternatively, a 
more flexible though more complex inducible regulation system can be achieved through a "binary^ gene approach. 
These binary regulation systems utilize atransactivatorgene product to coritroi expression of a second gene of interest. 
In addtlon. repressor based binary systems may t>e used to regulate gene expression (Brown et al., 1987, Cell 46: 
555-566; Rgga et al., 19da, CeU 491603^12). For example, the tetR system utilizes the bacterial reprsssor tetH and 

^ Insertion of tetR operator sequences in the promoter region of a gene of Interest. Induction of gene expression in such 
a system involves the application of an Inducer molecule that binds to and inactivates tha reprassor molecule resulting 
in activation of gene expression. | 

[0034] The R EP coding region may be United to any numtier of promoters in an expression vector that can be activated 
in the chosen cell line. Additionally, this cassette (REP genes and promoter) is carried by a vector that oontains a 
^ selectable marker so that cells receiving the vector may be Identtned. Selectable markers and their attendant selection 
agents can ba drawn from the group including but not limited to aminoglycoside phosphotransf erase/(341 8. hygromycln- 
e phosphotransferase/hygrDmycin-B, and ampllf iable selection markers such as dihydrotolate reductasa/hiethotrexate 
and others known to skilled practitioners. | 

[003$] Specific Initiation signals are also required for sufficient translation of Inserted protein coding sequences. 
so These signals include the ATQ initiation codon and adjacent sequences. Thjgse exogenous translatlonal contn^l signals 
and initiation sequences can be of a variety of origins, both natural and synthetic. For example, E co// expression 
vectors will contain translational contrul sequences, such as an appropriately positioned ribosome binding site and 
initiation ATG. j 

[0036] Expression of the viral REP protein may be controlled al the le^l of translation by the replacement of the 
55 REP protein ATG start oodon with the less efficient AOG codon resulting In a decrease In Ifie pivduction of REP protein, 
in a specific embodiment cf the inventtoPr a recombinant helper plasmM liras constructed to contain an ATG to ACG 
mutailon In the start codon of REP. When such a construct was utilized to jgenerate rAAV stocks, the average yield of 
rAAV was Increased by at least &-f6kl when comparad to plasmkte expressing wild type levels of AAV REP protein. 
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[0037] In addition, the 5* end of the viraJ REP gene may be genetically engineered to contain specific nucleotide 
sequences to which translation repressor proteins bind (Melefors, 1993, Bioessays 19:85-90). Binding of the translation 
repressor protein to a mRNA molecule decreases the translation of the mRNA. Using such a system, the level of REP 
protein maybe controlled by regulating the level or acth/ity of the translattonal repressor protein. Such sequences in- 

5 dude, but are not limited to, sequences such as the Iron-response element. The Iron response element folds Into a 
stem-loop structure that tsinds a translation repressor protein called aconliase which blocks the translation of any RNA 
sequence downstream. Aconitase is an iron-binding proteinp and exposure of the cell to iron causes it to dissociate 
ficm the RNA. releasing (he block to translation. Therefore, modifioation of the 5' end oP the REP gene to include the 
iron responsive element provides a system for salactiveiy and efficiently inducing the expression of the REP protein 

10 by exposing cells to iron. ! 

[0036] The translation of REP mRNA may also be controlled taking adv'antage of a transtational process referred to 
as translation al racodlng. In such a process, a specific recoding signal In ihe mRNA molecule causes (he growing 
polypeptide chain occasionally to slip bacl<waitj by one nucleotide on the ribosome as translation proceeds. The ribos- 
ome then resumes translation. In a new readlr^g frame resulting In production of a truncated protein. In an embodiment 

IS of the invention^ a recoding signal sequence, which consists of the nucl^^idas UUUUUUA, may be included in AAV 
REP encoding recombinant helper plasmidd to produce the desired low level expression of AAV REP protein. 
[0039] The level of REP expression may also be controlled by altering the stability of REP mRNA. More specifically, 
the.half life of the REP mRNA may be significanlly decreased by including jspecific sequences known tb stimulate RNA 
degradation in the REP gene. F6r example, the half-life of the REP mRNA may be significantly decreased by doning 

^ of a sequence rich in A and U nucleotides in the 3* untranslated (irm) of the REP gene. This AU-rlch sequence 
accelerates mRNA degradation. In addiBon, REP mRNAs containing recognition sites in their 3' UTR for specTfic an- 
donucieases that deave RNA maybe generated using recombinant DNAjtechniques. The tjse of suoh sequenoes wiD 
result in low level expression of AAV REP protein. I 



S5 5.2. AKTriSENSE AND HIBOZYME BASED REGUijflJION OF REP PRdTEIN EXPRESSION 

i 

[0040] In another embodiment of the Invention, antisense and ribozymp molecules which inhibit expression of the 
REP gene can also be used in accord ance wUh the Invention to reduce the level of REP gene expression, thus effectively 
reducing the level of REP gene activHy. Still further, triple helix molecules|can be ufflized in reducing the level of REP 
30 gene activity. Such techniques are described below. j 

[0041] Antieense approaches involve the design of oligonucleotides (either DNA or RNA) that are complementary 
to REP gene mRNA. The antisense ollgonucleotkles wiD bind to the Domp^ementaiy REP gene mRNA tranacr^its and 
prevent translation. Absolute complementarily, altf^ugh preferred, is not required. A sequence "compfementary" to a 
portion of an RNA, as referred to herein, means a sequenoe having sufRdent complementanly to be able to hybridize 

39 with the Rf^ forming a stable duplex; in the case Of double-strand'ed antisense nucleic acids, a single strand of the 
duplex DNA may thus be tested, or triplex formation may t>e assayed. The ability to hybridize will depend on both the 
degree of complementarily and the length of the antisense nucleic acid. Generally, the longer the hybridizing nucleic 
acid, the more base mismatches with an RNA it may contain and still fortn a stable duplex {or triplex, as the case may 
be). One sidlled In the art can ascertain a tolerable degree of mismatch tby use of standard procedures (o determine 

40 the meHIng point of the hybridized complex. j 

[0042] Oligonucleotides that are complementary to the 5' end of the message, e.g. , the 5' untranslated sequence up 
to and including the AUG initiation codon, should work most efflclentty at Inhlbltlrtg translation. However, sequences 
complementary to the 3' untranslated sequences of mRNAs have recently shown to be effective at inhitslting translation 
of mRNAs as well. See genarally, Wagner, R., 19d4. Nature 372:333-335. Thus, oligonucleotides complementary to 

^ either the 5'- or 3'- non- translated, non-coding regions of REP could tk used in an antisense approach to Inhibit 
translation of REP mRlslA. Ollgonudeotldee complementary to the 5' untranslated region of the mRNA should include 
the complement of the AUG start codon. Antisense oligonudeotWes complementary to mRNA coding regions are lese 
efficient Inhibitors of translation but could be used in accordance with the Snventfon. Whether designed to hybrkJize to 
the &\ 3'- or coding region of REP gene mRI^JA, antisense nudelo acids ^should be at least six nucleotides In length, 

BO and are preferably oiigonucleotidas ranging from 6 10 about 50 nucleotides In length. In specific aspects, the oligonu- 
cisctide is at least 10 nucleotides, at least 17 nucleotides, at Isast 25 nuqieotfdes or at least 50 nucleotides. 
[0043] Regardless of the choice of R EP sequence, it is preferred that tn vitro studies are first periormed to quantitate 
thQ ability of the antisense oligonucleotide to Inhibit Qene expression. It is preferred that these studies utilize controls 
that distinguish between antisense gene inhibition and nonspecific blologlbal effects of oligonucleotides, it Is also pre- 

ss fenced that these studies compare levels of the REP RrJA or protein with that of an internal control RNA or protein. 
Additionally. It Is envisioned that results obtained using the antisense oiigorlucleotide are compared with those obtained 
using a control oligonucleotide, tt Is preferred that the control oligonuclec^de is of approximately the same length as 
the test oBgonuoleotlde and that the nudeota'de sequence of the oligonuc^aotlde differs from the antisense sequence 

i 
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no mord than Is necessaiy (o prevent specific hybridization to the REP sequertcd. 

[0044] TTie oligonucleotWas can be DMA or RNA or chimeric Fnixturesjor derivatives or modtfleci versions thereof, 
single-stranded or double-stranded. Tne oKgonucteotlde can be modified atthe base moiety, sugar moiety, or phosphate 
backbone, for example, to Improve stability of the molecule, hybrldtsattonl, etc. The ollgonucJgotide may include other 

5 appended groups such as peptides (e.g> . for targeting host ceTl receptors ^ vivo), or agents facilitating transport across 
the cell membrane (see» e^. Letsinger et al.. 1989, Proc. Natl. Acad. SdJU.S.A. 66:a553-6556; Lemaltre et al.. 1987, 
Proc. NatL Acad. Sci. 84:646-652; PCT Publication No. WO88/09810, pjublished December 15. 1088) or the blood- 
brain barrier (see, e^, PCT Publication No. W089/1 01 34, published Apr(l 25, 1 988), hybridlzatlorhtriggered cleavage 
agents. (See. e^. Krai et al., 1 988. BioTfechnlques 6:958-976) or Intercaiating agents. (S©e, e^, Zon, 1 988. Phanm. 

10 Res^ 5;539-549). To this end. the oligonucleotidB may be conjugated to anbther molacule, e^ a peptide, hybridization 
triggered cioss-linking agent, transport agent hybridization-triggered cleavage agent, etc. 

[0046] The antlsense oligonucleotida may comprise at least one modified base molaty which is selected from the 
group including but not limited to 5-fluOfOuracll. 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine. xantlne. 
4-flCetyIoyttJSlnQ, SKcaiboxyhydroxylmethyl) uracil, 5-cart>oxymBthylamiijomethyl-2-thiouridine, S-carboxymethylamh 

is > nomethyluracfl, dihydwuracil, beta-D-galaotoeylqueoslne, inosine, N6-i«0pontanytadenine, i-mathylguanine. l-meth- 
ylinosine, 2.2-dlmethylguanln8, 2-methyladeninfl, 2-melhylguanlne. 3-mathylcytoaine. 5-methylcytosine. N6-adenlne, 
Z-melhylguanlne, 5-methyiaminomethyluracil, 5-meihOxyamlnom9thyl-2-thiouraoII, botapD-mannosylqueosina, 5'- 
methoxycartJOxymethyiuraoH, 6-methoxyuracn, 2-methylihlo-Ne-isopentenyladenlne, uracil^-ojyacetlc acid (v), wybu- 
toxoslne, pseudouracil. queoslne, 2-throcyt03ine. 5-methyl-2-thiouracil. 2-hhlouracn, 4-thlouracll, 5-methyluracil, uracll- 

20 5-oxyacetic acid methylester, uracil-SHjxyaceiSc acid (v), 5^ethyl-2-thioui;acn. 3-(3-amino-3-N-2-carboxypropyl) uracil. 
(acp3)w, and 2,e-dlaminopurine. j 

[0046] The antisense oligonucleotide may also compriso at least one rriodif led sugar moiety selected from the group 
including but not limited to arabinose, 2-fluoroarablnose, xylulose, and hisxose. 

[0047] In yet another embodiment, the antisense oligonucleotide comprises at least one modified phosphate back- 
as bone selected from the group consisting of a phosphorothioate. a phosphorodithioate, a phosphoramidothioate, a 
phosphoramidate, a phosphordiamidate, a methylphosphonate, an alkyliphoaphoWoster. and a formacetal or analog 
thereof. j 

[0048] In yet another embodiment, the antisense oligonucleotide is an o-anomeric oligonucleotide. An oranomenc 
ongonucieotide forms spacrffc double-stranded hybrids with compiemeijtary RNA In which, contrary to the usual p- 
30 units, the strands run parallel to each other (Gautieret al., 1987, NucL Acids Res. 15:6625-6641). The oligonucleotide 
is a 2'-o-m©thylribonucleolide (Inoue et al., 1987, Nucl. Aeids Res. I5:6lj31-€148), or a chimeric RNA-DNA anafogue 
(Inoue et al., 1 987, fEBS Lett 21 5:327-330). j 

[0049] Oligonucleotides of the invention may be synthesized by standard methods known in the art. e^ by use of 
an automated DNA synthesner (such as are commerciaJly available from Biosearch, Applied Biosysterrw. etc.). As 
3S examples, phosphorothioate oligonucleotides may be synthesized by the method of Stein et al. (1988. Nucl. Acids 
Res. 1 6:3209), methylphosphonote oligonucleotides can be prepared by use of controlled pore glass polymer supports 
(Sarin et al., 1988, Proc. Natl. Acad. Sci. U.SJ\. 65:7448-7431), etc. | 

[0050] A preferred method Of delivery utilizas a recombinant DNA coristruct in which the antisense oligonucleotide 
Is placed under the control of a strong pol ill or pol H promoter The use pf such a construct to transfect host calls will 

40 result In the transcription of sufficient amounts of single stranded RNAs jChat will form complementary base pairs with 
the REP gene transcripts and thereby prevent translation of the REP or pathway gene mRNA. For example, a vector 
can be introduced fn such that It IS taken up by a cell and directs trie transcription of an antisense RNA. Such a 
vector can remain episomai or become chromoeomaliy integrated, as long as it can be transcribed to produce the 
desired antisense RNA. Such vectors can be constmcted by recombinant DNA technology methods standard in the 

<ff art. Vectors can be plasmid, viral, or others known in the art. used for replicattion and expression in mammalian cells. 
Expression of the sequence encoding the antisense JHNA can be by any pjromoter known In the art to act In mammalian, 
preferably human cells. Such promoters can be inducible or constitutive. Such promoters include but are not limited 
to: the SV40 eariy promoter region (Bamoist and Chambon, 1981, Naijire 290:304-310), the promoter contained in 
the 3' long temilnal repeat of Rous sarooma virus (Yamamoto et aJ., 1980, Cell 22:787-797), the herpes thymidine 

BO kinase promoter (Wagner et al.. 1081. Proc. Natl. Acad. Scl. U.S^, r8:jl441-1445), the regulatory sequences of the 
metallolhloneln gene (Brinster et al., 1 982. Nature 296:39-42), etc Any type of plasmid, cosmid, YAC or viral vector 
can be used to prepare the iBComblnant DNA constmct which can be Initroduced directly into the tissue site. Alterna- 
tivelyp viral vectors can be used which selectively infect the desired t'ssi^e. 

[0051] Hibozymes are enzymatks Rl^ molecules capable of oatalyzir^g the specific cleavage of RNA (For a review 
ss see. for example Rossi. J., 1 994. Cunwit Btology 4:469-471 ). The mechantem of ribozyme action Involves sequence 
specific hybridization of the ribozyme molecule to complementary REP RNA, followed by a endonucleolytic cleavage. 
The composition of ribozyme molecules must Include one or more sequehces complementary to the REP gene mRNA. 
and must include the well known catelyiic sequence responsible for mRNAcleavage. For this sequence, see U.S. Pat 

i 
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No. 5,093,246, which 13 incorporate<3 by reforance heroin in its entirety. As such, within tha scope of the rnventlon are 
engineered hammerhead motif ribozyniB molecules that specilically and pfficiontly catalyze endonudeolyllc cleavage 
of RNA aequences encoding REP gene proteins. RIbozyme molecules! designed to calalyticaliy cleave REP gene 
mRNA transcripts can also be used to prevent tranaJation of REP gene niRNA and expression of REP gene. (See, 

5 ^ per international PubUcadon WO90/t1364, published October 4j 1990; Sarver et al„ 1980. Science a47t 
1 222-1 225). While ribozymes thai deave mRNA at Site specific recognition sequences can be used to destroy REP 
gene mRNAs, the use of hammerhead ribozymes Is preferred. Hammerhead ribozymes cleave mRNAs at locations 
didaled by flanking regions that fomi complementary base pairs with tflje REP mRNA. The sole requirement l8 thai 
the REP mRNA have the following sequence of two bases: 6'-UG-3'. The construction and production of hammerhead 

10 ribozymes Is well known in the art and Is described mora fully in Haseloff and Gerlachp 1993, Nature, 334:685*591. 
Preferably the ribozyme is engineered so that tha cleavage recognition site is located near the 5' end of the REP mRNA; 
i.e. , to increase efficiency and minimize the intracellular accumulation of inon-fLnclJonal mRNA transcripts. 
[0052] TTie ribozymes off the present invention also Include RNA arijdoribonucleases (hereinafter "Cech-type ri- 
bozymes") such as the one which occurs naturally in Tatrahymena Thermophlla (known as the IVS, or L-1 9 IVS RNA) 

f5 and which has been extanshrely descnl^ed by Ttiomas Ceeh and coudborators (Zaug, et ai., 19$4, Science, 224: 
«74-57e; Zaug and Ccch. 1 986, Science, 231 :470-475; Zaug, et al., 1 986,ttoture, 324:429-433; published Intemational 
patent applnation No. WO fia/D4300 by University Patents Inc.; Been arid Cech, 1986, Call, 47:207-216). The Cech- 
type ribozymes have an eight base pair aoGve site which hybridizes to alREP RNA sequence whereafter ctaavags of 
the REP RNA takes place. The Invention encompaGSGs those Cech-type:ribozymes which REP eight bas^pair active 

20 site sequences that are present in REP or pathway gene. | 

[0053] As in the antisense approach, the ribozymes can bo composed of modified oligonucleotides (e.q. for improved 
stability, targeting, etc.) and should t»e delivered to ceils which express tfie REP gene in vivo. A prefen-ed method Of 
delivery Involves usir^g a DIMA construct "encoding' the ribozyme under tbe control of a strong constitutive pel III or pol 
II promoter, so thattransfected cells will produce sufficient quantities of the ribozyme lo destroy endogenous REP gene 

25 messages and inhibit translation. Because ribozymes unlike antisense Molecules, are catalytic, a lower intracellular 
concentration is required for efficiency. j 

10054] Anti-sense RNA and DNA, ribozyme, and triple heibc molecules of the Invention can be prepared by any 
method known In ttie art lor the synthesis of DNA and RNA molecules. These Include techniques for chemically syn- 
thesizing oIlgodaQxyribonuoieotldes and Ollgoribonuoleoth5es well known in the art such as for example solid phase 

30 phosphoramldlte chemical synthesis. Alternatively, RNA molecules can be generated by in vitro and in vivo transcription 
of DNA sequences encoding the antisense RNA molecule. Such DNAfsequences can be incoiporaled into a wkie 
variety of vectors which Incorporate suitable RNA polymerase promoters such as the T7 or SP6 polymerase promoters. 
Alternatively, antisense cONA constmcts that synthesize antisense RNA constttutlvely or inducibly. depending on the 
promoter used, can be introduced stably into cell lines- I 

99 [0055] Various well-known modifications to the DNA molecules can be Introduced as a means of Increasing fntrao- 
ellular stability and half-life. Possible modifications include, but are not Rmited to, tha addition of flanking sequences 
of ribo- or deoxy- nucleotides to the 5' and/or 3' ends of the molecule or the use of phospnorothtoate or 2* O-methyi 
rather than phosptiodiesterase linkages within the oitgodaoxyritxmucleotide backbone. 

40 5^. CELL UNE5 EI^IGINEERED TO EXPRESS LOW LEVEtS OF REp! PROTEIN 

! 

[005$] Cell Ones may be engineered that will natively express kyw levels of the AAV REP proteins. To engineer an 
AAV REP producing cell line, ceils can be iranfectad with recombinant helper piasmids vector into whk^h the AAV REP 
open reading frame has been inserted, standard recombinant Dl^ techniques may be used to construct the recom- 

4S binantvectorsusingthemethodsdescribed above rn Section 5.1. (Ausubei^ F. etal.,eds.. Current Protoools in t^olecuiar 
Biology, Wiley & Sons, New York, 1994). Transfection may be accompljshed with any of the standard techniques in 
the art. AKematfvely, a cell Gne can be established with the use of viral v^ors that are capable of integrating DNA Into 
the host cell genome. Examples of these vectors Include those derived from retrovimses or AAV. 
[0057] Cell lines which may be chosen for Integratton include but are not limited to HeLa, COS. NIH 3T3, and others 

so well itnown to those skilled in the art. Tlie REP coding region may be linked to any number of heterologous promoters 
that can be activated in the chosen cell line. Additionally, this Insertion cassette (REP genes and promoter) may be 
linked to a gene coding for a selectable marker. In which case the integration of the REP coding region with the linked 
marker will confer the particular phenotype afforded by the marlcer to a stk)ly transfected cell. Thus, the cells that have 
successfully integrated the REP genes will be selectable. Alternatively, the selectable marker may be transfected on 

SS a separate ptasmki. • 

[00S8] Promoters to express the REP proteins within a cell line may be drawn from those.that are funcUonally active 
within the host cell. Such promoters, which are wefl known in the art.!wni Include those promoters that are highly 
regulated within the host cell resulting in low level expression of the vir^ REP proteins, inducible promoters may be 

i 
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also be used in the practice of the invention, including tnit not limited to, th^ metaltomionlne promoter (MT). the mouse 
mammary tumor virus promoter (MMTV)> and others known to those eKilled In the art. 

[0059] Selectable markers and their attendant selectidn egents can be d.rawn from the group including but not limited 
to aminoglycoside phosph0transfarase/G418, hygromycln-B phosphotr^sferase/hygromycln-B, and ampliflable se- 
s lect'on markers siicli as dihydrofolate reductase/methotrexate and others known to eMIIed practtttoneis. 

[0060] Stable expressing cell lines may also be constructed by linWnjg the AAV ITH sequence to an expression 
cassette containing the REP coding region wilh the appropriate transcriptional signals to allow for Integration Into the 
host ceil genome- j 

[0061] Detection of the expression of the REP genes can be perfomied by standaiti techniques including Northern 
10 analysis, immunoblotting, and Immunopredpitatton, Such techniques may be utilized to Wentify cells that express low 
levels of REP protein. - I 

5.4. PRODUCTION OF RECOMBIMANT VIRUS STOCKS I 
^ 

IS [0062] The present frivention relates to methods for efficient production of high titre stocks of rAAV through regulatton 
of expresston of the AAV REP proteins. The mettiods of the invention ooriiprised cuRuring aeukaryotic c«n containing 
helper virus, recombinant DNA encoding AAV CAP and REP protein, and a recombinant nucleic add containing a DNA 
sequerwe of interest and the required cIs-acting AAV terminal repeat structures. 

[0063] A primary goal of tho present invention is to provide methods for iexpressing in trans low levels of REP protein 
20 or to express REP protein with decreased biological activity and/or reduced halMlfe. Ttie methods of the Invention are 
based on the observation that reduced expression or activfty of the REP protein results in prpduetSon of high titre stocks 
of rAAV. 

[0064] To generate recombinant viral stocks, the recombinant nucleic acid containing the DNA sequence of interest 
may be transfected Into a host cell line that is capable of providing helper virus function, and supplying in trans AM 
2S REP and CAP proteins^ The REP and CAP proteins are required for replication and encapsidation of the linear recom- 
binant nucleic add into mature viral particles. ! 

[0065] TTie REP and CAP proteins may be supplied in Vms by transfactian of the host cell line with a recombinant 
plasmid that is capable of coding for each of the proteins. DNA transfedtkms maybe carried out using methods well 
known to those skilled in the art. These may Include DNA transfectbn byj ilpofectlon, alectroporation or calcium phoa- 
phate precipitation (Ausubel, et a!., 1989, in Cun^t ProtOOOlS for Molecular Biology, Green Publishing Associates, 
Inc. and John Wiley & Sons, Inc., New York), The plasmki is transfected into the host call line with the intention of 
either transiently or stabty expressing the REP and CAP pn>telns- 

[0066] In addition to expressing the viral REP and CAP proteins, the host ceil lines must be able to provide helper 
vims function. Both adenovims and herpes simpJex vir\is may serve as helper vinises for replication and encapsidation 
35 of DNA fragments containing the cis-requlred AAV terminal repeat sequences. Any host cell permissive for infection 
by either of these two viruses or any vims that acts as a helper Virus for AAV, may be used In the practice of the 
invention. The multiplicity of infectnn (MOl) and the duration of the infecUon time will depend on the type of vims used 
and the ceil line emptoyed and such techniques are well tmown to those skilled in the art 

40 5.5. USES OF RECOMBINANT AAV VIRAL STOCKS \ 

'■ ■ I 

: 

[0067] The rAAV viral stocks may be used In gene therapy for the purpose of transferring genetic infonmatton Into 
appropriate host cells for Ihe management and conectkin of human diseases Including inherited and acquired disorders 
such as cancer and AIDS. The rAAV can be administered to a patient attherapeuttoally effective doses. Atherapeutically 

43 effective dose refers to that amount of the compound suffwient to result In amelioration of symptoms of disease. 

[0066] Toxicity and therapeutn efficacy of the rAAV can be detemiined by standard pharmaceutical procedures in 
cell cultures or experimental animals, e.q.> for determlriing the LDSgo (the dose lethal to 50% of tiie population) and 
the EDgQ (the dose therapeutically effective in 50% of the population). The dose ratio between loxic and therapeutic 
effects is the therapeutic index and it can be expressed as the ratio ID^^ED^^ Doses which axhlbit large therapeutic 

so Indtees are preferred. While doses that exhibit toxic side effects may be u?ed, care should be taken to design a delivery 
system that targets rAAV to the site of treatment in order to minimize damage to untreated cells and reduce side effects. 
[0069] TTie data Obtained from cell culture assays and animal studies can be used in formulating a range of dosage 
for use in humans. Tbe dosaga of such rAAV lies preferably within a ra^ge of circulating concentrations that include 
the EDso with ilctf e or no toxicity. TMe dosage may vary wftiibi this range depending upon the dosage form employed 

SS and tiie route of administration Utilized. For any compound used in the! method of the invention, the therapeutically 
effective dose can be estimated initially from cell culture assays. A dose niay be fonnulaled in animal models to achieve 
a circulating plasma concentration range that Includes the ICgg (Le^. thje concentration of the test compound which 
achieves a hal^maximal Infection or a halfHrnaximal inhibition) as determined In cell culture. Such infoitnation can be 

i 
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used to more aocuratety dotemune useful doses In humans. Levels In plasma may be measured, tor example, by high 
performance llquM ehromalograf^y. • 

[0070] Phamiaceutical compo^ons comprising me rAAV for use in accordance wWi the present invendon, may be 
fonnulated in conventional manner using one or more physiologically acceptable carriers or exclplenta. For example. 

s the rAAV may be suspended In a carrier such as P3S (phosphate buffered saline). 

100711 The rAAV and their physiologically acceptable salts and solvates may be fonnulated for administration by 
inhalation or insufflation (either through the mouth or the nose) or for orai, buccal, parenteral or rectal administraton. 
[0072] for administration by inhalation, the rAAV for use according to thej present Invention are conveniently delivered 
in the form of an aerosol spray presentallon from pressurized packs or ^ nebulizer, with the use of a suitable propellent. 

10 dichlorodlfluofcmethane, trichloiDfluorwnethane, dlchtorotetrafluoroethane. carbon dioxide or other suitable gas. 

In the case of a pressurized aerosol the dosage unit may be determines by providing a valve to deliver a metered 
amount Capsulos and caiuldges of e^ gelatin for use in an inhaler oi| insufflator may be formulatad containing a 
powder mix of a tfierapeutic compound and a suitable powder base such as lactose or starch. 
[0073] For oral administration^ the phannaceutlcal compositions may take ihe form of, for example, tablets or cap- 

15 suies prepared by conventnnai means whh pharmaceuta'cally aoceptatjle excipients such as binding agents 

pregeiatinlsed maize starch. polyvlnylpyrroUdone or hydroxypropyl meth^cellulose); fillers (e^, lactose, microcrystal- 
llne cellulose or calcium hydrogen phosphate); lubricants (e,g, magnaalum stearate, talc or Silica); disintegrants (e^ 
potato starch or sodium starch glycoiate); or wetting agents (e^ sodiunv lauryl sulphate). Hie tablets may be coated 
by methods wall known in tine art Liquid preparations for oral administration may take the form Of, for example, solutiDns, 

SO syrups or suspensions, or they may be presented as a dry product for constitution with water or other suitable vehicle 
before use. Such liquid preparattons may bo prepared by convertlonal means with pharmaceuttoaPy acceptatjle ad- 
ditives such as suspending agents (e.g. sorbitol syaip. cellulose derivatives or hydrogenaled edible fats); emulsifying 
agents (g-g. lecithin or acacia); non-aqueous vehicles (e.g. almond oil, oily esters, ethyl alcohol or fractionated vege- 
table oils); and presenradves (e^ methyl or propyl-p-hydroxytwnzoates or sorbic acid). The preparations may also 

2S contain buffer salts, flavoring, coloring and sweetening agents as appro|)riate. 

[0074] Preparations for oral administration may be suitably forniulatedjto give controlled release of the active com- 
pound. For buccal administration the compositions may take the form of tablets or lozenges fomiuiatad in conventional 
manner. j 

[0075] Ttie rAAV may be formulated for parenteral administration by iinjecllon aj. by bolus injection or oontlnuous 
30 Infusion. Fonnulations for injection may be presented in unit dosage formjsLfl. in ampoules or In muItl-dose containers, 
with an added preservative. The composltkMfis may lake such fomis as sjuspenslons, solutions or emulsions In oily or 
aqueous vehicles, and may contain fonnulatory agents such as suspending, stabilizing and/or disparsing agents. Al- 
ternatively, the active ^gredlent may iDe in powder form for constitution with a suitable vehicle, e^, sterile pyrogen- 
f ree water, before use. \ 
35 [0076] In additton to the formulations described previously, the rAAV may also be formulated as a depot preparation. 
Such long acting formulations may be administered by Implantation (for example, subcutaneously or Intramuscularly) 
or by intramuscular Injection. Thus, for example, the therapeutic compourids may be formulated with suitable polymeric 
or hydrophobic materials (for example as an emulsion In an acceptable oil) or Ion exchange resins, or as sparingly 
soluble derivatives, for example, as a sparingly soluble salt 
40 [0077] The compositions may. If desired, be presented in a pack or dlsfiensar device which m ay contain one or more 
unit dosage fonns containing the active ingredient Tlie pack may for example, comprise metal or plastic foil, such as 
a blister pack. The pack or cfispenser device may be accompanied by inptmetions fbr administration. 

6. EXAMPLE: LOW LEVEL EXPRESSION OF AAV REP INCREASES TOE EFFICIENCY OF RECOMBllWfr VIRAL 
46 PRODUCTION 

[0078] The experimantaJ results described below demonstrate that Idw level expression of AAV REP proteins in- 
creases the efficiency of recombinant AAV viral productk>n. 

50 6.1. MATERIALS AND METHODS 

■■ i 

6.1 .1. AAV HELPER PLASMID8 OONSTRUCTION : 

[0079] V^lous AAV helper plaamids were constructed following standard protocols. AAV/AD is a previously published 
ss AAV packaging plasmid containing the entire AAV coding sequences Including promoter p5 and has a MW of -a.2 kb 
(Samulski et bL, 1 980. Cold Spring Harbor Lab. Press). Plasmid CMV/AAV also 8J2kb contains the entire AAV coding 
sequences except that the AAV p5 promoter was subsilcuied by a cytomegalovinis Immediate eariy promoter(CMV). 
PlasmU pSV/AAV is a construct similar to pCMV/AAV except that an SV40 late promoter was substituted for AAV p5 

j 



PAGE 21/33 ' RCVD AT 1/1 W 5:43:13 PM [Eastern Standard 



01/12/2005 14:51 FAX 650 813 5093 



MOFO PA #SEVEN 



EP 1 007 637 B1 

promoter. TTiis plasmid Is 7.8 kb In size. PlasmW HIV/AAV also oomalns tha antire AAV coding sequences except the 
AAV p5 promoter was substituted by an H IV long tenninal repeal promoter. The construct was made by three fragment 
ligafion. the first fragment was the Sspl-Hlndlll fragment ftom pHIV-Rep (Anton! et ai.. 1 991 , Journal of Virology 65: 
396-404) containing the complete HIV promoter and portion ol the Rep gene. The secsond fragment was tfie Hindl- 
ff i i-ShaBi fragment from psub20l (SamuisW el al.. 1 968. Journal of Virology 62:206-21 0) containing tfie rest of the Rep 
gene and the entire Cap gene along wWi the polyadsnylation site. The third fragment was ih© Sspl-SmaBI fragment 
from Bluescrlpl KS(+) (Stralagene) containing the ptasmid origin and Amp^ gene. This construct is 7.6.- kb In size. 
Plasmid ACG-2 is a variant of AAV/AD containing an ATG to ACX3 mutation^n th e start codon of Rep [50]. which reduces 
Rep protein synthesis, and Is identical In size as the parental plasmid pA^V/Ad (8.2 Itb). All the constructs were char- 
ter aclerized by restriction analyses and some of them by sequencing. The rAAV vector plasmid pdx3l-LacZ was published 
previously (IVIuzyczka. N., 1091, Seminars in Virology 2:201-290). All plasmids were purified by dOU We CsC! density 
gradient ultracentfif ugatlon for transf ection experiments (Sambrook et al. 1 089, Molecular Cloning: a laboratory manual. 
Cold Spring Harbour Press. CSH, 2nd edition). 

« 6.1.2. VIRUSES AND CELLS 

[0080] rAAV vector was generated by calcium phosphate cotransfedion methods as described prevkiusly (Xiao et 
al., 1998. J. Virol, 70:8098-8108). Briefly, human 293 cells were passed one day before transfecdon in DM EM (Qiboo) 
containing 1 0% FBS (Gibco) with'stroptomycin and penidliln. At about 80% confluence, the cells were ted wUh 1 0 ml 

2XS fresh IMDM media(Glbco) containing 10% FBS without antibiotics 1 to 2 hours before transfectton. Total 25 of 
plasmkl DNA (vector plus hefper at various ratio) was dissolved In 1 ml of 0^5 M CdCI2 and then quickly mixed With 
1 ml of 2XHBS buffer (50 mWI HEPES, 280 mM NaCi and 1 .5 mM Na2HP04. pH 7,12)- The DNA complex was slowly 
added to the ceils. After incubadon for 8 hours, the cells were fed with fresh DMEM medium (GIbco) oontainirifl 10% 
FBS and antibiotics, and infected with Adenovirus 5 (dI309) at 2 m,o J. (multipncity of infection). Transfedion eff fdencles 

25 were monitored by staining a dupOcate plate for P gal gene expression and counting the number of blue cells. Two day 
post Ad itifectior. the cells were harvested together with the media and 0-1 ml ofl M Tris-CI (pH 8.5) was added to 
adjust the pH of the media. Fallowing four cycles of f reeze-ihaw and removal of cell debris, the rAAV viral lysate was 
heated at 56«C for 30 minutes to Ihactivate the adenovirus and stored at -20^C before use. 
[0081 ] The Uters of AAV-LacZ vinjs were determined by counting the blue ceOs after X-gat staining, following coln- 
faction of 293 cells with various dilution's of the rAAV Stocks and 1 m.oj.'of adenovirus dl309 for 24 hours. Ail exper- 
iments were done In triplicate to ensure reproducibility and average taken for final titer. 

6.1 .a. ASSAY OF rAAV DNA REPUCATlON 

sff [0062] The rAAV DhW was recovered from the transf ected cells tjy the method of Hlrt extraction (Hirt. B., 1 967, J. 
Moi. Biol. 26;365-3$9) with modiTicalions. Briefly, the ceil pellet fnwi 1/1 0 to 1/^ of a 1 0 cm dish was resuspended in 
270 Mi Of 20 mM Tris-CI, 20 mM EDTA(pH8.0) and lysed by addition of 30 jil of 1 0% SDS. The cell lysate was incubated 
at 37*C for 1 hour wHh SO^ig/ml proteinase K and mixed with 80 jil of 5,M NaCI. Afier Stored on ice for more than 1 
hour, the oeil lysate was centrlfuged at 1 5,0CW rpm at 4*C for 30 minutes. The supernatant was recovered and sufase- 

^ quently extracted with phenol, phenoS-chloroform and chloroform. Low molecular weight DNA was precipitated with 
equal volume of isopropanol, rinsed wUh 70% ethanol specific protevi bands were visualized with chemllumlnescence 
reagent (DuPont) exposed to X-ray film. 

6A RESULTS 

45 

6.2.1. EFFICIENT REP GENE EXPRESSION FROM HETEROLOGOUS PROMOTERS IN THE ABSENCE OF 
ADENOVIRUS 

[0083] In orderto achieve high leva! Rep gene expression In an adenovinjs independent manner, we have construct- 
50 ed a number of AAV helper plasmids containing heterologous promoters substituted for the AAV p5 sequence. The 
heteiologous promoters were the cytomegatovlais (CMV) Immediate eariy region, HiV long terminal repeat and the 
SV40 late promoter (Rg. 1). These sequences are among the stn^ngest constitutive viral promoters commonly used 
and should express high levels of Rep. A helper plasmid pAAV/Ad (SamulskI et al., 1989. J. Virol. 63:3822-3828). 
whten retains the endogenous p5 promoter, was Included in this study as a control. To determine the effect of tow level 
55 Rep expresskm on rAAV production, a novel plasmid pACQ-2 was also constmcled as described above, see Section 
6.1 .1 . This construct is identical to pAAV/Ad except that a point mutation has eonvartad the start codon of Rep from 
ATG Into a less efficient ACG codon. AAV utilizas the ACG start oodon for AAV Vp2 capsid production, whk:h is ex- 
pressed at low levels from the same MRNA that encodes the major capsid protein Vp3. Since this mechanism Of 
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regulation Is utUized by AAV, it wad expected thai this point mutant would reduced Rep protein synthedid without altering 
AAV vfral mRNA levels. The various AAV tielper plasmids which carried specific promoter elements In place of the AAV 
p5 promoter only differed at most by 600 bp (PHI V/AAV 7.6kb)when compared to the parental plasmid p AAV/AD (8.2 

S 11)084] Repression of AAV p5 (Labow et al., 1986. J. Virol. 60:251-258; L^ughCn at al., 19B2, J. ViroL 41 :d68-d7d; 
Pereira et at, 1997. J. Virol. In Press) and heterologous promoterd such as 8V40 (Labow et al., I9a7» Mol. & Call. 
Biology 7: 1320-1 325), HIV (Antoni et ai. J 991 , J. Virology 65:396-404; Horer et al.. 1 995. J. ViroL 69:5465-5496) and 
CMV (Hellbronn et al., 1090, J* Virol. 64:3012-3016) by rep In the absence of ad Infection was oveneome by using 
human 293 cells. El A gens products have been shown to transactfvate AAV p5 Shi et al. 1991, Cell 67: 377-388), CW 

10 (Qomian, 1 989, Vinotogy 171 :377-365) and hi V (Rice et al., 1 988, Proc. Nat- Acad, Sd. 2);4200-4204) promoters. 
El A gene products In 293 cells will counteract the repression by AAV Rep proteins, and thereby Increase Rep gene 
expression from these various promoters in the absence of ad Infection. The various AAV constructs were transfected 
into 293 cells with or without Ad Infectton, and assayed for Rep gene expression 48 hours post transfection by Western 
blot analysis using anti-Rep monoclonal antibody (Hunter et al.. 1 902, J. Virology 66:31 7-324). From the experimental 

IS nssults shown In Fig. 2. several observations can be made. Rrst. in the absence of adenovirus in 293 cells. Rep gene 
expression was detected from all five AAV constructs. (Fig. 2. lane 1 -5). Plasmids pCMW/AAV and pH I V/AAV expressed 
extremely high levels of Rep. whereas pSV/AAV and pAAV/Ad had modest expression (Fig. 2, compare fanes 3 & 4 
With lanes 1 and 5). The lower expression from the SV4D promoter in 293 cefls is rnbst likely due to SV40 enhancer 
repression by EIA proteins as previously described (Gorman et al., 1 989,! Virology 171 :377-385: Velcich et aL, 1985, 

20 Call. 40:70&-7i 6). AS expected, plasmid pACG-2 generated the least amount of Rep (Rg. 2. lane 2). Second, in the 
presence of adenovirus, the levels of Rep appeared the same as the m^us Ad extracts for pCMV/AAV, pHlV/AAV and 
pSV/AAV (compare Fig. 2. lanes 3, 4 & &- with lanes 8,9 & 1 0). However, for pAAV/Ad and pACG-2. the Rep levels 
appeared slightly lower after Ad infection, implying further modulation of AAV gene regulation by Ad colnfecBon. Third, 
although Rep 62/40 expression was not anered after Ad infection, the ratio of Rep over Rep52/40 was significantly 

^ different among the various constrLtcts (Fig.2). Th9 helper plasmids with strong heterologous promoters, such as pCMV/ 
. AAV and pHIV/AAV, demonstrated obvious abnormal Hep vs. Rep52/40 ratios (Fig. 2. lanes 3 to 5 and 6 to 1 0). while 
pAAV/Ad expressed p5 and pi 9 Bioducts at roughly one to one ratio (Fig. 2, lanes 1 & 6). For pACG-2, levels were 
less than one (Rg. 2. lanes 2 & 7), suggesting that pl9 products (Rep52/40) were made at higher levels than the p5 
products (Rep). 

30 

6.2.2. EXPRESSION OF REP GENE WAS NOT SUFFIClEm- TO REPLICATE rAAV DMA 

[0085] Since these results demonstrate that high levels of Rep protaln can be expressed Independent of ad Inf^tion. 
rAAV DNA replioation was assayed under these conditions. Plasmids pCMV and pHIV, which demonstrated highest 
sff expression of Rep, were tested In cotransfection experiments with a rAAV-LaoZ vector plasmid as a replication Substrate 
(McCown et al.. 1996. Brain f=lesearch 713:99-107). As a control, the same consinicts were assayed for rAAV-LacZ 
replrcation in the presence of Ad Infection. 

[(IK)86) 46 hours post transfection, low molecular weight DNA was recovered and analyzed by Southern blot. T> 
distinguish between Input plasmid and newly replicated DNA, samples were treated with or without Opn I endonuclease. 
An autoradiography of the exparimanl is shown In Figure 3. Resistance to Dpn I digestion suggested that In the presence 
of Ad Infection, Rep proteins from PCMV/AAV and PHIV/AAV successfully replicated the rAAV-LacZ vector DNA (Fig. 
3, lanes 3 & 4 represent PCW/AAV and lanes 7 & e represent pFU V/AAV). However, sensitivity to Dpn I digestion in 
the absence of Aa Infection (Fig, 3. lanes 1 & 2, pCNW/AAV and lanee € & 6, pHI V/AAV). suggested that rAAV vector 
DNA failed to replicate even though abundant Rep proteins were produced from these helper constructs (Fig. 2, lanes 
49 3 & 4). SImllariy, cotransfection of the rAAV-LaoZ vector plasmid,, with other helper plasmids, such as pAAV//\d and 
PSV/AAV, In the absence of Ad infection also failed to replU;ale the vector 'DNA. These results support the conclusion 
that constitutive Rep gene expression Is not suff ioientto mediate AAV DNA replication and that other ad helper functions 
besides the constitutive expression of El in 293 cells Is required. 

so 6.2.3. OVEREXPRES5ION OF REP GENE INHIBITS rAAV TITERS 

[0037] The above experiments demonstrated that the new helper constructs can obtain high levels of Rep proteins 
which are functional for AAV replication only In the presence of M coinfection. To further characterize these helper 
constnjcts for rAAV production, the yield of vector particles generated after transfection experiments was measured. 
ss For example, an 1 :1 ratio of rAAV vector vs. helper plasmid (pAAV/Ad) results In optimal rAAV yield when using calcium 
phosphate transfection method In 293 cells (Xiao et al., 1 996, J. ViroL 70:8098-61 08). TTie calcium phosphate method 
was used to measure ttia efficiency of the new helper plasmids in this eocperiment Three different vectDr:helper ratios 
(3:1, 1:1 and 1;3) were tested that ooversd a 9 fold range. Eight hours posttransfection, the media was changed and 
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the ceDs were infected with Ad5 dI308 and Incubated for additional 4« to 60 hours till full cytopaihic effect (CPE) was 
observed. Since approximately 10% to 30% of the rAAV viruses generated are released in the culture madia, ttie cells 
were harvested together with the media before aseaying for particle number. After four cycles of fraeze-thaw and 
removal of ceil debris, the lyeates were heated at Se*C for 30 minutes to Inactivate any residual adenovirus and tittered 

5 on 293 by staining for b-gal activity (see Section 6.1). 

[OOBBl As Shown in Table 1. helper plasmlds pCMV/AAV and pHIV/AAV generated the lowest rAAV yields, even 
though these conslructe produced the highest Rdp levels. Plasmid pSV/AAV resulted in rAAV yields higher than pCMV/ 
AAV and pHIV/AAV but significantly lower than pAAV/Ad. This Is an interesting obsen/adon since both of these plasmlds 
produced similar lavel of Rep (see Hg. 2, compare lane 1 and 6 with lane 5 and 1 0). The overall yields of rAAV generated 

10 from pCW/AAV, pHI V/AAV and pSV/AAV were not dramatically effected by the 9 fold range of vector.helper ratio (T^le 
1), suggesting that the rate-limiting factor la not merely the level of rep protein or quantity of helper plasmid, but some 
fundamental difference between pAAV/Ad and the other three helper piasmids. As possible explanations for the de- 
crease In vector yield, pCt^/AAV and pHIV/AAV overaxpression Of Rep may have inhibited other genes, both viral 
(AAV and/or Ad) and cellular, in addition, the substitution of the p5 promoter may have removed essential cis-actng 

IS regulatory functions required for appropriate pi 9 and p40 expression (McCarty et al., 1 991 , J. Virol. 65:2936-2945. 
[008S] This hypothesis Is supported by the results Of helper plasmid pAC©-2 which produced the highest rAAV titers 
(Table 1 ). This construct retained the pS promoter sequences but reduced Rep expression through Inefflclent transla- 
tional initiation (Rg. 1 ; Rg. 2, lanes 2 & 7). TTie average rAAV yields from this plasmid was iricreased by a-fold when 
compared to its parental plasmid AAV/AD. The results suggested that unregulated overe)q5resslon of Rep may have 

eo a negative effect, while lower but sufficient Rep expression can generate, higher rAAV yields. 

[0090] These observations are not in agreement with a previous report (Flotta et al., 1 995. Gene Therapy 229-37). 
where an AAV helper plasmid (pRS5) containing the same HIV LTR showed a 7^ fold increase in rAAV virus yield 
when compared to pAAV/Ad. In the experiments described herein the helper construct pHIV/AAV gave rise to much 
lower rAAV yields than pAAV/Ad. One important variable which may explain this difference is the additiori of adenovirus 

25 relative to trar^fection. In our experiments adenovims infection was carried out 8 hours post plasmid transfection 
instead of 1 hour before as described by Flotte et al (Rone et al., 1 995. G«ie Therapy 2:29-37). In an attempt to better 
explain these differences, this posslbili^ was tested by infecting wHh Ad at one hour before, simultaneously, or 8 hours 
post plasmid transfection. The cells ware hanrested 48 hours after Ad infection and the rAAV titers were measured. 
The results shown In 1tole 2 Indicated that when pAAV/Ad was used as the helper plasmid less than 2-fold differences 

SO in rAAV titers were observed when the time of Ad super infection was varied (T^le 2). However, the addition ol Ad 
prior to pHIV/AAV transfected plates was important (T^e S). rAAV titers were about 100 fold higher (1-6-1.7ic1fl^ 
transduring unita/1 0cm plate) when Ad infection was carried out one hour before or simultaneously rather than 8 hours 
post transfection (1 ,Bxl (fi transducing unlts/1 0cm plate) (Table 2). TWs implies that the presence of Ad gene expression 
prior to the onset of AAV Rep gene expression has a significant effect of rAAV production when using pHIV/AAV as a 

ss helper plasmid. Regardless, the best titers from pHIV/AAV were still about 1 0 fold lower than that of pAAV/Ad. Since 
pAAV/Ad contains Ad rTRs flanking AAV genes, the Ad ITR sequences may influence AAV gene expression and explain 
the difference in vector yield observed. To examine this possibility, the AAV gene cassette was deleted from pAAV/Ad 
and replaced by pHlV/AAV. This construct like pAAV/Ad now has HIV/AAV sequences flanked by the Ad PFRS. This 
new variant of pHIV/AAV/Ad did not produce better rAAV yields despite the addition of the Ad rTRs. The discrepancy 

40 between our results and others (Flotle et al.. 1995. Gene Therapy 2:29-37) can only partially ba attributed to the 
difference in the helper plasmlds. However, based on the results observed concerning the time of addition for Ad 
Infection with pHlV/AAV. this may be the rate limiting factor which influences rAAV yields when using strong constihjtive 
promoters such as the HIV LTR. In addition, one may need to consider the numerous variables utilized during rAAV 
production, such as deferent lots of 293 cells. Ad strain, various transfection and infection methods, in order to make 

45 direct comparisons. 

6.2A OVEREXPRESSIOiM OF REP GENE INHIBITED rAAV DNA REPUCAT10N AND CAP GENE EXPRESSION 

[0091] To explore why overaxpression of Rep resulted in lower rAAV panicles, two essenUal steps ware examined, 
50 viral DNA replication and capsid protein synthesis. To examine rAAV replication^ the rAAV-l-acZ plasmid was cotrans- 
fected with various AAV helper plasmlds followed by adenovlais infection. At 24 and 4a hours post transfection. low 
molecular weight DNA was isolated and Dpnl digested, followed by Southern analysis using 32p labeled LacZ probe. 
The experimental result indicated that rAAV DNA replication was slgnifk»ntly lower when pCMV/AAV (Rg. 4. lanes 1 
& 2) and pHIV/AAV (Fig. 4. lanes 3 & 4) where used as helper plasmids. as compared to pSV/AAV. pAAV/Ad and 
55 pACQ-2 (Rg. 4, lanes 6 ttirough 10). PhoSphOlmager quantitation of the monomer bands at the 48-hour time point 
revealed approximately 80% reduction In vector DNA replication when comparing pCMV/AAV and PHIV/AAV to pAAV/ 
Ad. On the other hand, no significant difference was found between pSV/AAV, pAAV/Ad and pACG-2 (Rg. 4v lanes 5 
through 10 and data not shown). Intaresb'ngly. rAAV DNA repHcatkin was not reduced in pACG-2 transfected cells. 
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although the Rep level were constdarably lower (Rg. 2, lane 7). Since pCMV/AAV and pHIV/AAV expressed highest 
levels of Rep {Fig. 2, lanes 8 & 9) which resulted In lowest levels of rAAV DMA replication (Fig. 4. lanes 1 through 4), 
the$e data suggest that Rep are not rateHlmttind factors, but may instead (nterfefe with the vector DNA replicalfon 
when overexpressed. The mechanism of inhlblrlon remains unlviown. 

5 [0092] Since capsid proteins are essential for particle formation, the accumulation of these proteins from the varbus 
helper plasmids was also examined. 48 hour post transfection, cells were harvested and analyzed by Western blot 
using an antl-capsid polyclonal antibody. The results are shown In Figure 5. In the absence of Ad infection, all helper 
plasmids generated low but detectable level of capsid proteins, consistent with published observations that Ad infection 
enhances AAV capsid gene expression (IWuzyczka. N.. 1992, Current Topics in Microbiology & Immunology 158: 

10 97-1 29). In the presence of adenovirus Infection, pACG-a transfected cells Synthesized and/or accumulated the highest 
level of oapsid proteins (Rg. 5, lane 5) while pCMV/AAV and pHIV/AAV produced the lowest (Fig 5, lanos 1 & 2). From 
these results, a negative eorrelation was obsQrved between high Rep levels (Rg. 2, pCMV/AAV lanes B and pHl V/AAV 
lane e) and efficientcapsid gane expression (Fig. 5, pCMV/AAV lanes 1 and pHIV/AAV lana 2). For pACG'-2. Just the 
reversa was observed, low rep expression (Fig. 2, lane 7) resulted in highest capsid gene expression (Rg* 5, lane 5). 

IS While pSV/AAV replicated rAAV DN^ to similar levels as p AAV/AD and pACQ-2 (see Rg. 4 lanes 5-1 0). and expressed 
AAV capsid gene pitiducts higher than pCMV/AAV and pHI V/AAV (Fig. 5, compare lane 3 to 1 and 2), these capsid 
gene products were reduced when oompared to helper plasmids pAAV/Ad, and pACG-2 (Hg. 5» lane 3 vs 4 end 5). 
From this analysis, a direct correlation can be made between the amount of Rep protein produced, level of AAV capsid 
expression (Rg. 5) and the yield of rAAV (table 1 ) with pACG-2 expressing the lowest levels of Rep. the highest amounts 

^ of capsid protein and the best yields of rAAV foOowad by pAAV/AD, pSV/AAV, pHlV/AAV and pCMV/AAV. 



TABLE 1. 



3S 



30 



39 



90 



Comparison of rAAV titers by different hsipar plasmids 


Helper plasmid 


Vector/helper ratio 


rAAV titer 




TU/cell* 




ChAV/AAV 


3:1 


2.0X 10S 




0.04 






1:1 


8,5 X 10* 




0.02 






1:3 


8-5 X 10* 




0.02 




HIV/AAV 


3:1 


1.4 X 105 




0.03 






111 


8.5 X 10* 




0-02 






1:3 


1.2 X 105 




0.02 




SV/AAV 


3:1 


8.3 X 10^ 




1.6 






1:1 


6.0 X 106 




1.2 






1:3 ■ 


S.6 X lOfl 




, 1.1 




AAV/Ad 


3:1 


8,5 X 10^ 




17 






1:1 


1,4 X 109 




28 






1:3 


1.0 X 10^ 




20 




ACQ-2 


3:1 


5.0 X lOfl 




100 






1:1 


1.1 X 10^ 




220 






1:3 


8.0 X 108 




160 



* Iht fAAV-LacZ yields ware mean values from ihiBO expBrfciifinia perfoflnetf tvjth A lO^m ^itaiB of human ZS3 cells. Ihe twtfkf^ units (Tli) 
dBtermkisd by Intedlng 299 CCHS with Ad st an MOI ot 1 and vaifouA dilutions of hBat-inacilvared lAAV vrms stocks. AKor X-Ga) sialnhg, eacn 
bhio oellwGia vanaiBtBd inia 1 TU. 



^TTw number of (ransduoing units (Tu) praduoad per cell was oblainsd by dividing Ihe Wens Ctotal TU> (mm each 1 Ok») pIbIb by me loiai number 
of 293 cells (appioximBtBly s x 



16 

PAGE 25/33 * RCVD AT 1/12/2005 5:43:13 PM [Eastern Standard Time]' SVR:USPT0-EFXRM/2' DNIS:8729306 ' CSID:6S0 813 5993 ' DURATION M:12-06 



01/12/2005 14:53 FAX 650 813 5993 



MOFO PA #SEVEN 



121026 



BP 1 007 637 B1 

TABLE 2. 



Effects or Ad Infection time on rAAV yields 


Hme of Ad infection^ 


rAAV titer CTU)* for 


AAV/Ad 


HIV/AAV 


BeforB 




1.7 X IQfl 




1.5 X 107 


Same 




2.5 X IQB 




1.7 XIO^ 


Aftgr 




1.9 XI OB 




I.BXIOS 



10 



IS 



20 



" M IfrffteUon was earned out at tfiree different time pdnts. 1 h haAro, «imUlsmoousV with, ana or B n after DNA ti^sreetfon, forihc itinw indMdual 
aampleft of a ghf«ri holpor plasmid. 

^The rAAV-LacZ yields wei« obtained ftm a lO-on platB ai 209 eetts^ TYie iransdudng units (TU) were daiBiintned oy jnrecnr)g 283 c«Bs wftli Ad 
41 w MQl of 1 and variouB dijuflana of heaMnBcUvQled rAAV virus stoda. After X-Qaf amhlng. eaeti blue oeO was Iranslatsd into 1 TU. 

[p093] The present invention Is not to be limited in scope by the specific embodiments described which are Intended 
a$ ^gle lllustratfons of Individual aspects of the invention, and funct'onalty equivalent methods and components are 
wl^ln the scope of the invention, indeed, various modifications of the invention, in addition to those shown and descried 
herein will become apparent to those skilled in the art from the foregoing descriptions and accompanylrg drawings. 
Such modifications are intended to faJI within the scope of the appended claims. 

[0O94] All publications and patent applications mentioned In the specification are herein incorporated by reference 
to the same extent as if each individual publication or patent application was specfflcally and Individuaily Indicaled to 
be Incorporated by reference. 



SB 



30 



40 



4S 



SO 



Claims 

1. A recombinant helper DNA construct which comprises functions sufficient for replication and packaging a recom- 
binant adeno-aesodated virus (AAV) vector into infectious AAV virions, said helper construct comprising sequences 
coding for AAV REP7ft, REP6fi, REP40 Or REP52, and for CAP, said sequences under the regulatory control Of 
an AAV promoter; characterized in that the recombinant AAV is modified so as to provide for a low level of 
REP78/68 protein expression In host cells, as compared lo a wild-type AAV. 

2. The recombinant helper DNA construct of daim 1 whiiih is a plasmid and comprises an AAV REP7a or 
promoter, 

s. The recombinant helper DNA construct of claim 1 which is a plasmfd and comprises an AAV p5 pmmoter. 

4. The recombinant helper DNA construct of claim 1 , wherein the redtjctlon in REF7B or REPB8 expression derives 
from a mutation in the transladonal start codon of the REP gane. 

5. "Rib construct of claim 4, wherein the start codon has been modified from ATG to ACQ. 

6. A host cell for producing a stock of recombinant adeno-associated virus, said host cell befng stably or transientiy 
transfected with a helper construct of anyone of claims 1-5. 

7. A method for producing a stock of recombinant adeno-associated vims (AAV) comprising: 

a) co-transfecting cells pennisslve for AAV replication with: 

(I) a recombinant AAV vector which contains a foreign DfsIA sequence, and which can be incorporated 
Into an infectious AAV virion, and 

(iQ a recombinant helper DNA construct of any one of claims 1-5; and 



b) collecting the virions produced. 
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Patentanspruche 

1. Rekombinantes Helfer-DNA-KonstruKt, dad Funictlonen umfasst, die fur eine Repllkailon und ein Verpacken e*mes 
rekomblnanten Adeno-as3c«iferteiv-Viru8(AAV)-Vektois in infektidse AAV-Vlrtonen ausreicht. wobei dae Hslfer- 
5 Konstrukt Sequanzen umfasst die fQr AAV REP7B, REP66, REP40 Oder REP52 und fur CAP kodieren. wobsi die 
Sequenzen unter der regulaiJven KontroKe eines AAV-Promotors stehen, d adinch gekennzelcfinel^ dads das 
rekombinante AAV so modifiziert ist dass es Im Vergtelcb zu einem Wildtyp-AAV eine garinge ReP7Q/68-Proleln- 
expreselon in >Anrtszellen vorsleht 

10 2. RekDmbinantes Helfor-DNA-Konstrukt nach Arispruoh 1. welches ein Plaamid Ist und ainen AAV REP78- Oder 
Rff68-Promotor umfasst. 

3. Rekdmbinantes Helfer-DNA-KonsmjW nach Anspruch 1 , welches ern Plasmid let und elnen AAV-p5-Promoter um- 
faeet. 

IS 

4* Rekombinoitee HeJfer-DNA-Konstrukt nach Anspruch 1 , wobei die Reduktion der REP7a- cxJer REP68-Expres8lon 
von einar Mutation in dem lyanstattonsstaTtkodon des REP-Gens stammt 

5. Kbnstruki nach Anspmch 4, wobel das Startkodon von ATG bis ACQ modiflzlen wurde. 

20 

e. Wirtazelle zur HersteDung eines Von'sts an nekcmblnantem Adeno-assoziierten VinJS. wobai die Wirtszelle etabtl 
Oder transient mit alnem Helfer-Konstrukt nach slnem der Anspruche 1 bis 5 transfiziert ist 

7. Verfahren zur Hersisnung eines Vorrats an rekomblnantem Adanoassoziierten Virus (AAV), umfassend: 

25 

a) die Kotransfekdon von Zellen, die zulassig sind fOr eIne AAV-Replikation mit 

(I) einem rekomblnanten AAV-Vektor, der eine fremde DNA-Sequenz enthait und der in ein (nfektioses 
AAV-Vlrion aingefugt werden kann, und 
30 (ii) einem rekombinanten Heir^r-DNA-Konsmikt nach einem der AnsprQche 1 bis 5; und 

b) das Sammetn der erzeugten VIrlonen. 



3s Revendlcatlons 

1. ProduH d'assemblage d'ADN auxlllaire recombinant qui comprand des fonctions sufflsantes pour la replication et 
rencapsldation d*un vecteur viral ad$no-a©socl6 (AAV) recombinant dans des virions AAV infectieuji, ledit prodult 
d'assemblaae auxlllaire comprenant des saquences codant pour REP78, REP6B, REP40 ou REP62 du AAV, et 

40 pour CAP. lesdites sequences etant sous le oorrtrftle r^gulaiaur d'un promoteur de AAV ; caracterise en ce que 

le AAV recombinant est modlfiS de manldre k engandrer un faible taux d'expresslon de la proteine REP7e/6e dans 
des cellules botes, eomparativement a un AAV de type eauvage. 

2. Produit d'assemblage d'ADN auxiliaire recombinant suivant la revendicatfon 1 , qui est un ptasmlde et qui comprend 
45 un promoteur de REP78 ou REPee de AAV. 

3. Produit d'assemblage d'ADN auxiliaire racombinant suivant la revendlcatlon 1, qui est unplasmideet qui comprend 

un promoteur p5 de AAV. 

so 4. Produit d'assemblage d'ADN auxlllaire recombinant suivant la revendlcadon 1 . dans lequel la reduction de I'ex^ 
preselon du REPTS ou REPes provient d'une mutation dans le oodon d'initiation de traduction du gdne RER 

6. Produit d'assemblage suhrant la revendlcation 4, dans lequel le oodon d'initiation a dtd modrfie de ATG en ACQ. 

^ e. Cellule hdte pour la production d'un stock de virus ad^o-associe recombinant, ladite cellule hate etant transf ectee 
da maniere stable ou transltolre avec un produit d'assemblage auxiliaire sutvant I'une quelconque des revendica- 
tkms 1 & 5. 
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7. Proc6da pour la production <ruf\ slock de virus ad^no-associe reCfOmblnant (AAV) comprenant les Stapes 
consistent : 

a) k ootransfecter des cePuiss peitnlssiyes pour la rSpHcatlon du AAV avec : 

s 

(i) un vecteur AAV recombinant qui oontient una sequence d'ADN Strangare, et qui pout atre fncorpor6 
en un virion AAV infeclieuK, at 

(11) un produil d'aasembiage d'ADN auxlltaira recombinant sulvani I'une quelconque des revendlcatlons 1 

b) & racueinir lae virions prodults. 

IS 

so 

25 
30 
SB 
40 
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FIG. 3 
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FIG. 4 
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